Introduction {#sec1-1}
============

Hepatitis E virus (HEV) is an icosahedral; nonenveloped single-stranded RNA virus that has been classified as the only single member of the genus hepevirus in the family Hepeviridae.\[[@ref1]\] The infection is self-limited and primarily is transmitted by the fecal-oral route through contaminated water, with mucosal replication and shedding of the virus.\[[@ref2]\] Some recent evidence also demonstrated zoonotic transmission of HEV to human. Other probable modes of transmission in endemic areas include vertical transmission, person-to-person contact and zoonotic transmission.\[[@ref3]\] As transient viremic stage occurs during the infection, the parenteral transmission can also be a possible route of infection.\[[@ref4]\] Genotyping of the virus was used to track the infection; however, attempts to find HEV genome in different groups of patients has not been very successful in many studies; due to short-time persistence of the circulating viruses, during or short after acute phase of infection.\[[@ref5]\] An association of HEV infection with hepatitis C virus (HCV) infection has been reported, which may point to similar or overlapping routes of transmission.\[[@ref6][@ref7]\] In this regard a substantial proportion of blood donors (1.5%) were positive for HEV RNA, and, viremic blood donors were considered as potential source of transfusion associated hepatitis E infection in areas of high endemicity.\[[@ref8]\]

Results from international studies indicate that HEV is spreading globally, not just in developing countries but also in more industrialized countries with more developed health programs.\[[@ref9]\] Even there have been reports of nontravel-related HEV infections in western countries such as the Netherland.\[[@ref10]--[@ref12]\] The highest incidence of HEV infection has been reported from Asia, Africa, Middle East and Central America.\[[@ref13]\] HEV is the second most common cause of sporadic hepatitis in North Africa and the Middle East.\[[@ref14]\] Iran is also among the countries with few suspected outbreaks of HEV in the past.\[[@ref13]\] The seroprevalence of HEV in different cities of Iran and between different age groups has been varied (3.8% (Esfahan),\[[@ref15]\] 7.4% (Tabriz),\[[@ref16]\] 9.3% (Nahavand),\[[@ref17]\] 11.5% (Khuzestan),\[[@ref18]\] 1.2% in children \< 10 years and 7.3% in individuals aged 20-25 years (Sari)\[[@ref19]\]).

Several studies have been conducted to explain the possible association of parenteral type of HEV infection in specific groups of patients, such as patients with chronic hemodialysis (CHD). Patients undergoing CHD are potentially at higher risks of exposure to parenterally transmitted microorganisms. Therefore, our study aimed to determine the prevalence of HEV infection based on serological findings, among CHD patients, and to evaluate whether chronic hemodialysis could be associated with an increased risk of infection in patients located in Fars province; southwest of Iran.

Materials and Methods {#sec1-2}
=====================

Patients and sampling {#sec2-1}
---------------------

This cross-sectional study was carried out in November and December 2010 on all enrolled 80 patients on maintenance hemodialysis at two centers of Shiraz and Jahrom, cities in southwest of Iran, with an extra 276 healthy individuals from same cities. Sampling was done, after fully informed consent was obtained from the patients or their guardians. This study conforms to the declaration of Helsinki and approved by the ethics committee of Shiraz University of Medical Sciences.

Neither of the patients nor healthy controls had symptomatic active infection or suffered from immunological disorders or consumed immunosuppressive drugs and had history of intravenous drug abuse at the time of sampling for this study. Routine hemodialysis techniques were performed within 3 hours procedure, three times a week for the patients. Blood samples were obtained from the patients before the start of hemodialysis sessions. Sera were separated, coded and stored in aliquots at -70°C until further tests. Demographic and clinical information (such as sex, age, history of hemodialysis or evidence of HBV and HIV infections) were obtained from the medical records. Serum levels of the aspartate aminotransferase (AST), alanine aminotranferease (ALT), the alkaline phosphatase (ALP), prothrombin time (PT), direct bilirubin, indirect bilirubin, serum protein and albumin were also measured for CHD patients.

Anti-HEV immunoglobulin G (IgG) measurement {#sec2-2}
-------------------------------------------

The anti-HEV immunoglobulin G (IgG) was detected and measured by enzyme-linked immunosorbent assay (ELISA, DIA-PRO, Italy) according to the manufacturer\'s instruction.

Based on that, the cutoff value of the tests was defined by the positive and the negative control sera that were included in the kit. Duplicated samples were tested and were considered positive if the optical density (OD) value was above the cutoff value and retested again to confirm the initial results.

Statistical analysis {#sec2-3}
--------------------

Descriptive statistics were reported. Quantitative variables were expressed as mean ± standard deviation (SD). The Chi-square test, the Student\'s *t* test and Fisher\'s exact test were used to compare the findings between groups. A *P*-value \<0.05 was considered to be statistically significant. Statistical analysis was performed with SPSS software (version15).

Results {#sec1-3}
=======

Eighty patients on maintenance hemodialysis (51 males and 29 females) and 276 healthy controls (183 males and 93 females) were enrolled in this study. The mean age (± SD) of the patients and healthy control groups were 55.69 ± 14.70 and 51.73 ± 15.10 years, (Age range 26-80 years in patients and 24-77 in healthy volunteers), respectively. The mean duration (± SD) of the HD treatment was 15.60 ± 13.70 months, ranged from 6 to 96 months. Participants in this study were from two cities in southwest of Iran. Of the 80 patients, 48 patients were recruited from Shiraz (60%) and the rest were all registered patients from Jahrom. Almost 80% (N = 220) of the tested healthy volunteers were from Shiraz as well.

Patients with chronic hemodialysis with a minimum history of treatment were the main target of this study therefore we only measured anti-HEV IgG antibodies in those patients; although measurement of IgM could produce additional results. Among the studied individuals, ELISA results demonstrated the existence of anti-HEV IgG antibody in five (all male) of the patients (6.25%) and in eight (six males and two females) of the healthy controls (2.9%). Statistical analysis showed the prevalence rates were not significantly different (*P = 0.160*). Neither of the patients with positive anti-HEV results showed any clinical symptoms for the acute hepatitis at the time of this study. Results did not show a significant association between positive anti-HEV antibody result and the duration of hemodialysis in seropositive individuals. Moreover, there was no relation between these results with patients' age and sex. The prevalence of HEV was more in men of both hemodialysis group and healthy participants (*P* \< 0.001). The prevalence rate of HBV infection in the studied patients was 1.25% (N = 1). No significant association was found between HEV positivity and hepatitis B infection in CHD patients (*P* = 0.097). All the studied patients were seronegative for anti-HIV antibody.

The mean levels of AST (SGOT) and ALT (SGPT) enzymes in the studied patients were 19.96 ± 11.08 U/L (ranged from 8 to 65 U/L) and 23.93 ± 14.26 U/L (ranged from 8 to 82 U/L), respectively. Measuring alkaline phosphatase (ALP), AST and ALT enzymes and bilirubin did not show extensive increase in those parameters among patients with positive anti-HEV antibody result. Moreover, it did not cause abnormal change in albumin and total protein concentrations, except for one patient. Direct and total bilirubin were abnormal in only two of five patients with positive anti-HEV results (Direct bilirubin equal 0.27 and 0.26 and total bilirubin equal 0.47 and 0.44, respectively). Neither of healthy persons with positive anti-HEV results showed abnormal bilirubin in their lab data. Statistical analysis showed that neither of these variations significant. [Table 1](#T1){ref-type="table"} summarizes the statistics and clinical laboratory findings for patients with and without anti-HEV antibody.
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The ages, the durations of hemodialysis and the clinical laboratory data from HD patients with positive and negative anti-HEV antibody result

![](AJTS-7-21-g001)

Discussion {#sec1-4}
==========

Patients with chronic hemodialysis are always at risk of infectious diseases due to their compromised immune system.\[[@ref20]\] Moreover, these patients are at the frequent exposure to infectious agents during their visits to HD centers. Among viral infections, the association of HEV infection with the parenteral transmission of the virus remains highly controversial. In the present study we investigated the occurrence of anti-HEV IgG antibodies in a selected population of CHD patients with history of chronic hemodialysis from two centers in southwest of Iran and compared the findings with healthy individuals of the same geographical regions. Although anti-HEV seropositivity was more frequent among the studied patients (6.3%), it was not statistically different from the control group (2.9%). Those findings were in the range of anti-HEV IgG seroprevalance in previous reports from Iran.\[[@ref13][@ref16][@ref17][@ref19][@ref21]\] The HEV seroprevalence rates reported for different countries and CHD patients have been highly variable, ranged as low as 0.9% in France, 2.6% in Italy, and as high as 7.3% or more among adult population in Spain or in Brazil.\[[@ref22]--[@ref25]\] Higher prevalence of anti-HEV antibodies (IgG or IgM) than normal population was found in HD patients from Greece (9.7% vs 0.23%), Japan (9.4% vs 3.7%) or Taiwan (31% vs 8.9%).\[[@ref26]--[@ref29]\] Therefore, high variations in the results have delayed a comprehensive conclusion for the existence of parenteral HEV infection. This conflict should be resolved with more standardized global studies on different groups of people. Yet, some findings could explain (at least in part) some of these disagreements. As mentioned, patients with chronic hemodialysis and renal diseases suffer from immunocompromised condition.\[[@ref20]\] Such condition may cause weakening the immune response against infections, like HEV, and may cause the production of varied amounts of antibodies in the affected patient. In addition to that, studies have shown a wide range of the persistence of anti-HEV IgG antibodies in the circulation.\[[@ref30]\] Therefore, it is possible that some of the studies screened the cases after the clearance of the antibody and in this way designated them as seronegative. Assessing IgM in addition to IgG and considering certain phases of the disease may better normalize data. Moreover, genetic variation of the virus can cause massive diversion of the immune responses in the infected patients. Only one single serotype has been reported for the HEV samples isolated from patients with hepatitis; however, there has been considerable genetic diversity among the isolates enough to subgroup the virus into four genotypes with different features and invasiveness.\[[@ref28][@ref31]\] Genetic variations in HEV can cause more antigenic diversification in the isolates from different geographical locations. Therefore, it could be speculated that not all immune responses against the altered determinants could be detected by the available commercial diagnostic kits. Effect of genetic variation could be shown by cellular immune response. As an example HEV antigens from genotype 1 were analyzed by overlapping peptides from the open reading frame (ORF) 2 and ORF3. Results of this study could show the presence of at least two sequences (Amino acid 181-249 and 301-489 of ORF2) as immunodominant regions.\[[@ref32]\] Moreover, some of the anti-HEV antibody responses detected in patients or healthy donors could be resulted from other infections, cross-reacting with HEV antigens in serological tests as false positive results. More reasons can contribute for the variation in the results of serological tests of anti-HEV antibody which needs to be found by further investigation.

There are other areas of controversy for HEV infection in human. Although elevated ALT and AST have been reported in some HEV-seropositive patients during acute hepatitis phase,\[[@ref33][@ref34]\] our biochemical studies similar to others showed no significant differences for these two liver enzymes between patients with positive anti-HEV antibody and seronegative patients. In fact, the level of these enzymes could reduce to the normal levels after a period of 1 month post-acute hepatitis peak.\[[@ref35]\] Such fast conversion can explain the observation of normal liver enzymes even in the patients with HEV seropositive test.

Copresence of HEV infection with viruses with definite parenteral route of infection can be considered as an evidence for similar infection route for HEV. Several lines of evidence well demonstrated that patients with maintenance hemodialysis have a higher prevalence of HCV and/or HBV infections.\[[@ref36]\] However, studies could not establish a strong link between these two viral infections and HEV infection in CHD patients although some evidence supports such connection.\[[@ref25]\] We also could not demonstrate a considerable correlation between the rate of HBV infection and seropositivity for HEV in the studied patients.

In overall, it seems after all studies done on HEV infection, particularly in patients with chronic hemodialysis, still results are not conclusive to answer all questions about different aspects of HEV infection. This could be due to high variation in the studies and the nature of the virus. However, even with controversial results, serious safety measurements should be considered to prevent dissemination of the HEV infection during blood and blood products transfusion mainly in endemic regions.\[[@ref37]\] Such precaution could help to limit the risk of viral dissemination in the community and particular in patients with maintenance hemodialysis to avoid worsening their health condition. Standardized and comprehensive studies with more contributors should examine both the immune response and the virus simultaneously to find the truth.
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